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Introduction 

The application of high-speed computing in aeronautical research is in 

the earliest stages and the unclassified aeronautical literature contains r ela- 

tively few papers in which high-speed computing has actually been used, One 

classical paper is that by W, F. Cope and D, R. Hartree on "The Laminar 

Boundary Layer in Compressible Flow" (reference l), This paper contains 

solutions of an important problem in aeronautical theory obtained on the 

ENIAC, the first automatic high-speed digital computer installed at Aberdeen 

Proving Ground. The ENIAC has been applied to many ballistic and guided 

missile problems, but for the most part  the results have appeared in classi- 

fied publications of limited distribution. 

This paper describes chiefly the experience of the National Advisory 

Committee for Aeronautics, a user rather than a developer of computing 

machines, and on the basis of that experience attempts to assess the future 

applications of the more modern equipment in aeronautical research., The 

NACA has had about three-and-a-half years  experience with the Bell Relay 
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Computer on some 275 aeronautical research problems, and somewhat less  ex- 

perience with the REAC differential analyzes, and with IBM punched card com- 

puting equipment" Our research scientists a r e  looking lorward to the availabil- 

ity of thoroughly reliable and flexible large scale high-speed digital computers 

for application to their problems 

The Role of Computation in Aeronautical Research 
--- - - - m _  

The task of aeronautical research is a dual one, comprising both the ex- 

perimental exploration of the  physical phenomena encountered in the design and 

operation of aircraft of all types, and the analytical formulation of "theories" 

which are in agreement with the observed experimental data and which are 

rational in character so that reasonable extrapolation can be made to other ex- 

perimental conditions. Such a rational theory, adequately verified by experi- 

ment, is the most powerful tool %or the design of aircraft; for the designer 

may use mathematical analysis rather than costly experimental construction 

to t ry  the effects of various design variables and in Pact to develop an opti- 

mum design, which then can be constructed with assurance as to  the probable 

performance. These general considerations apply, whether the problem re- 

late to aerodynamics, stability and control, power plant, or structure. 

In this task of aeronautical research, mathematics is the colleague of 

physics, chemistry, and engineering and with them finds in aeronautics a 

fertile source of new problems, The indebtedness of aeronautics to mathe- 

matics is very great. We  are here concerned with that part of mathematics 



having to do unth numerical computation, This a r t  contributes to both aspects 

of the aeronautical research task and to their amalgamation into design proce- 

dur es 

Aeronautical research involves a large amount of data reduction. 

Whether the experimental investigation is conducted in a wind tunnel, an a pi- 

loted aircraft in f r e e  flight, on a rocket-psopel!lled missile by observations 

f rom the ground or by telemetering, on a jet engine in  the laboratory or  in 

the air, or  on a structural tes% specimen, the immediate product is a large 

mass  of r aw data in the form of. printed tapes, sscillograph records, photo- 

graphs of instruments o r  other photographic records, and recorded numeri- 

cal data, These records must be converted to a form adapted to the computa- 

tional equipment, tare corrections made, scale and calibration factors ap- 

plied, various other corrections made, and the resulting values combined 

i n  various ways to give the desired coef€icients or standardized values, 

From %he mathematical point of view the computational processes are simple, 

but the  number of computing steps for each column of r aw data is relatively 

small, The number of data columns may be quite large, since the  large in- 

vestment of time and money in an experimentalairplane or power plant, a 

test missile, or a model for a large supersonic wind funnel, necessitates 

extensive instrumentation to obtain as much information as possible in a 

single period of operation. In my opinion the requirements for rapid data 

reduction can be met only by a coordinated system of instrumentation and 



computing equipment, not by a consideraiisn of computing equipment alone, 

The over-alP accuracy of the final results is of first concern, since as pre- 

viously noted the objective of aeronautical research is to determine accurate- 

ly the differences between the observed experimental data and values pre- 

dicted from the available theories, The accuracy is generally limited by 

the sensing and recording devices; it is r a r e  that a computational accuracy 

of more than four figures is warranted. 

The theoredical aspects of aeronautical research are greatly depend- 

ent on mathematical analysis and computation, It is t rue that these are still 

some areas such as turbulent fluid motion where the key physical principles 

are still not sufficiently clear that the problems can be reduced to definite 

mathematical problems, But tor the  most part these are wide areas in 

which the fundamental equations a r e  known but cannot be solved, In many 

of these instances numerical methods a r e  applicable, but the time required 

by manual methods of computation is so great that the  method is impractical 

for  general application, The aeronautical scientist would like to car ry  out 

computations with varying degrees of simplification and to investigate by 

computation the relative importance of the variables involved, I believe 

that theoretical research is most fruitful when carried out in close relation 

to corresponding experimental investigations. When discrepancies appear, 

both experimenter and theoretical worker seek the explanation, The trieo- 

r etical worker investigates the effect of including factors originally thought 



to be secondary, and the planning of the next step depends on the results of the 

last one, For this reason I believe that this type of computation and the ex- 

perimental work should be housed in the  same laboratory so that the contact 

may be as close and frequent as possible, 

The development of high-speed computing machines provides a power - 
ful new tool to tRe theoretical worker, Old tasks can be accomplished faster, 

more reliably, and more completely and new tasks hitherto impractical can 

be undertaken, 

Once a theory has  been definitely verified and considered appropriate, 

it becomes available for use in design, Unless,  however, the computations 

are of extremely simple character, the theory remains of limited practical 

use until numerous calculations have been made and the results incorporated 

in design charts or tables, The NACA Tables of Wing-Aileron Coefficients 

of Oscillating Ais  Forces for Two-Dimensional Supersonic Flow, that. were 

prepared by use of the  Bell Computer at Langley is a typical example (refer- 

ence 2) 

the theories become mor e complex and take into consideration additional 

secondary factors, The value which is ultimately derived from a theory 

which has been experimentally proven to be correct may well depend ulti- 

mately on the degree to which its application can be simplified by the use of 

design charts, Work in this category is exceptionally well adapted to high- 

speed computing, and does not normally need to be conducted at an 

The necessity for this type of work can be expected to expand as 



experimental I &oratory r, although coordination with both scientist and designer 

are needed to make the  result most useful. 

Typical Aeronautical Research . _ _ _  Problems Requiring Extensive __ - _  _q__y_c_ Computation 
___F__ _ _  - i- ___?_=___ - - - 

A s  a prelude to a more general discussion, it may be instructive to con- 

sider a Pew typical aeronautical research problems requiring extensive compu- 

tation, 

Effect 04 Axrplane ____ Stability on Gust Loads. - When an airplane encount- 

ers a gust, the resulting load on the airplane depends on many factors in addi- 

- I-=g - 

tion to the gust velocity &stribu%ion in the atmosphere, One important set of 

factors is the stability characteristics of the airplane, The Bell Computer 

has been used to study the effects of various airplane stability parameters 

on the gust loads, Step-wise numerical solutions, derived in matrix notation, 

have been obtained €som the equations of airplane motions in three degrees of 

freedom- -vertical, pitch, and elevator displacement--with forward-speed 

variations being neglected, 

Transonic - Dynamics Problem. - -  __ ~. - Prior  to the successful flights of' the 
- _.-- - 

X-1 through the speed of sound, it was believed that a pilot might have diffi- 

culty flying in the transonic range since tests of models by the wing flow 

method indicated rather large t r im changes and poor control effectiveness. 

A proposal was made that the effects might be ameliorated by accelerating 

through this speed range, and the problem was to investigate this proposal. 

The three longitudinal equations of motion were involved with the additional 
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complication that the problem was of non-linear character since the forces 

and moments a r e  dunctions of the Mach number (ratio of the speed of the air- 

plane to the speed of sound). The probjem was amenable to solution by the 

step-by-step computation of t ime histories, However, manual computation 

required about 100 to 400 hours per case, This problem was solved on the 

UCLA differential analyzer in about one percent of the time estimated for 

manual computations 

Automatic - -  Pilot Time Lag - Problem -- - Theoretical investigations have 

shown that automatic stabilization can improve the dynamic lateral stability 

of airplanes designed for high-speed high-altitude flight, but it is essential 

that the automatic pilots respond to the e r ror  signal without lago In order to 

determine the effects od. this time-lag on dynamic lateral stability, calcula- 

tions of mations were made on the Bell Computer for a hypothetical high- 

speed airplane equipped with an automatic pilot sensitive to the yawing ac- 

celeration of the  airplane, This automatic pilot was geared to the rudder so 

that the yawing moment at any instant of time was proportional to the yawing 

acceleration at some previous instant of time, i, e, displaced by a constant 

t ime lago The problem involved several solutions, by the step-by-step 

Kutta three-eighths rule (reference 3) of the  equations of motion of an air- 

plane, They a re  three second-order linear differential equations with con- 

stant coefficien%s, and are coupled with the equation of the automatic pilot 

which takes into account constant time lag" 
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Supersonic D r w  and Ltft Distribution and Downwash. - A method has 

been developed by Lagerstrom (reference 41, applied by Doris Cohen (refer- 

ences 5 and 61, and by Frick (reference 7) for computing the characteristics 

of wings and control surfaces and for the computation of downwash at super- 

sonic speeds, which superposes on a basic conical flow solution other solu- 

tions for cancellation of lift beyond the wing contour, In most cases  this 

superposition is an integration process and usually, because of the form of 

the basic conical flow solution, the integration cannot be ma,de analytically, 

Such computations are adaptable to a digital computer, 

L a n d i s  -.--- Gear __ Behavior. - - Theoretical calculations were made on the 
I__- -~ 

Bell Computer of the vertical displacement, velocity, and acceleration of 

the landing gear during landing impact, The calculations were obtained by 

step-wise solutions by the modified Heun method (reference 8) of two sec- 

ond order non-linear diff erential equations, 

c___~.-- Coupled Mode Flutter - __ Analysis, - - The problem of avoiding flutter, 

a self-induced catastrophic vibration of the  aircraft structure, requires ex- 

tensive numerical computation which can be facilitated by high-speed com- 

puting machines, In the Rayleigh type flutter analysis, the assumption is 

made that the flutter mode may be approximated by the use of a finite 

number ~t terms of a series OS certain selected modal functions. The ac- 

curacy of the result depends, in general, on the choice of the modal shapes 

that make up the series and on the number af terms used, These shapes 
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are taken either as the coupled QP the  uncoupled modes of oscillation of the 

system in a vacuum, In an effort to ascertain the meri ts  of using coupled 

modes in  flutter analysis, a theoretical investigation of the flutter of a uni- 

form wing carrying a concentrated weight was made with the aid of the Bell 

Computer (reference 9) 

equations arose for each of the twelve spanwise stations considered on the 

wing--one expressing the deflection in bending, the second that in torsion 

at the station, Solutions of the resulting sets of twenty-four simultaneous 

Since coupled modes were being utilized, two 

frequency equations were obtained by iteration, 

_I__ Aerodynamic - _ _  Influence _- Coefficients. - High speeds in aircraft  and 

missiles have brought the necessity of simultaneous consideration of inter - 
actions between aerodynamic loads and structural deflections, called aero- 

elastic effects, Recent works on aesoelastic phenomena have indicated that 

aerodynamic influence coefficients should yield superior results to those 

furnished by the modified strip theory, Aerodynamic influence coefficients 

for subsonic speeds, therefore, are being calculated on the Bell Computer 

by solving Weissinger' s integral equation for the spanwise lift distribution 

in the case of several plan forms and for angle-of-attack distributions given 

by Green's function, The integral equation is approximated by a matrix 

_ x _  -- 

equation, the singulasities being taken care of in a separate closed-form 

solution, The computation consists of calculating the kernel for each of 

the plan forms, multiplying and adding the kernel matrix by and to certain 

constant matrices, and of inverting the final matrix 



Transfer.  ~~ ~- - ___ - The problem of aerodynamic heating will require a 

thorough study of the boundary-layer characteristics under varying conditions 

of Mach number and rate of heat transfer. Cope and Hartree in the paper 

previously cited (reference 1) have indicated the  computing technique that 

might b e  applied to this case, In this field, the use of rapid computing ma- 

chines is an absolute necessity. 

This brief list gives some idea of the scope and variety of the appli- 

cations of high-speed computing to aeronautical research, A mor e adequate 

review would include many additional problems related to the general theories 

of compressible fluid flow at subsonic, transonic, and supersonic speeds; to 

the stability and control of aircraft and missiles; to vibration and flutter of 

aircraft  propellers, turbines, and compressors; to the boundary layer Plow 

of fluids; to heat “aPans€er; to aeroelastic phenomena; and to structures in- 

volving both elastic and plastic deformation,, 

General Mathematical Aspects . - of -~ Aeronautical - - - Research - - -  Problems. - 
~~~- - . ._ - ~-~ s 

From the mathematical point sf view, the problems arising run the gamut 

from the reduction of large quantities ol numerical data by simple arithmeti- 

cal processes, to interpolation, differentiation, integration, numerical solu- 

tion of linear and non-linear differential equations, transcendental equations, 

linear simultaneous equations in many (24 or more) unknowns, determining 

roots of polynomials of high order, etc- For the linear problems the exact 

mathematical solution is often obtainable in analytic form and the extraction 
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of numerical results is straightforward, though laborious, For  the non- 

linear problems the exact solution is often unobtainable and recourse must 

be had to nume~ical  approximation 

The linear problems are often idealizations of the  actual non-linear 

ones, Thus probably the simplest problem, from the mathematical point of 

view, is that of the dynamic motions of an aircraft, I% the aircraft is re- 

garded as a rigid body, its motion is described by the six classical equa- 

tions fo r  the  six degrees of freedom. Non-linearities enter these equations 

because of the presence of products of the  velocity components when the 

coordinate axes are fixed i n  the  moving body and because the aerodynamic 

forces and moments are non-linear functions of the velocity components, 

With the advent OS flight at transonic and supersonic speeds Linear 

theory is being found inadequate, The aerodynamic forces  and moments 

exhibit such large variations with speed in the transonic range that they 

cannot be approximated linearly even for small perturbations. The elastic 

deformation of the wings interacts with the aerodynamic loads, The com- 

plete treatment of the aeroelastic problem leads to partial differential 

equations, Plausible simplifying assumptions may permit the problem to 

be held in some instances within the domain of ordinary differential q u a -  

&ionsn 

Another pressing problem is that of the general theory of compres- 

sible fluid flow, The completely general probl em involving viscosity and, 
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in the  supersonic case, curved shock waves, is so complex that no adequate 

method of attack has yet been devised Under certain simplifying assump- 

tions, portions of the problem can be isolated and solved, If viscosity and 

curvature of the shock waves are both neglected-- steady, potential flow-- 

the problem reduces to the solution of a single non-linear partial differen- 

tial equation, For  supersonic flow about thin wings, the problem can be 

linearized, and explicit solutions can be obtained, usually in the form of 

multiple definite integrals for certain broad classes of plan forms, 

E the flow problem is simplified by restricting attention to two- 

dimensional fields, the nonc linear inviscid case can be treated for super- 

sonic speeds by the well-known method of characteristics for hyperbolic 

equations. This is a step-by-step non-iterative procedure which is capable 

of mechanization. In the subsonic case the equation is elliptic and leads to 

the necessity of solving a large system of simultaneous algebraic equations, 

I% the well-known relaxation methods can be successfully mechanized with- 

out building machines of fantastic capacity and cost, then this case should 

also be solvable, 

Unsteady phenomena of a random nature, such as atmospheric gusts, 

turbulence, and buffeting lead to the field of statistics, Fourier analysis of 

random processes should be a valuable t ~ ~ l  when the problem of data trans- 

cription from oscillograms to digital input is satisfactorily solved, 

It is believed that the computational problems which arise in aero- 

\ 



nautical research do not fall into any single classification, For general use, 

the most flexible computing machine available would best serve the need, 

but applications will be found where special purpose machines are economi- 

cally justified, 

NACA - Experience ____ with - High-speed _ -  . - E  Computing 

In the Pall of 1944 the NACA placed an  order with the Western Electric 

Company for a relay-type computing machine representing a further develap- 

ment of a machine previously developed by Bell Telephone Laboratories for  

the Anti-Aircraft Artillery Board at Camp Davis, Construction was com- 

pleted late in 1946, The machine uses teletype apparatus and electrical re- 

lay control circuits o% the type found in automatic telephone systems. It 

has a storage capacity of 30 seven-decimal digit numbers i n  storage count- 

ers, a transfer time of 0,07 sec, y a speed of 0,3 sec, for addition, and 

1 sec, for multiplication. Although extremely slow, as compared to the 

newer electronic machines, the Bell Computer operating 24 hours a day-- 

a good part of which is unattended--produces work that is equivalent to the 

output of about 100 manual computers, Elaborate checking circuits have 

proven to be almost infallible in insuring accuracy, During three years  

of operation, the machines have been detected in producing only two 

arithmetically incorrect answers; these were  probably due to two troubles 

appearing simultaneously 

A Reeves Electronic Analogue Computer has been in use at the 



Arnes Laboratory for about a year, It is primarily a machine for solving 

systems of ordinary differential equations, linear and non-linear 

efficients can be constant OF variable, if  expressible in analytical or 

graphical form as functions of a single variable, It has been applied to 

such problems as time histories of dynamic motions of an airplane, both 

stable and unstable; velocity profiles in a laminas boundary layer; and 

supersonic flow of a gas around cones using the exact potential theory, 

The co- 

A special purpose analogue computer, the Philbrick engine controls 

simulator, is in use at the Lewis Flight Propulsion Laboratory for studying 

problems relating to the automatic control of jet engines, 

The NACA has also had access to the use of mechanical differential 

analyzers and to various IBM punched-card computing equipment including 

the Card-Programmed Electronic Calculator. When suitable advanced de- 

signs of self-sequencing electronic calculators are available, a machine 

of this type will be acquired, but to date the NACA has had no direct ex- 

perience with this type of equipment, 

Some statistical data, whose significance is perhaps debatable, 

may be of interest, In a survey made sometime ago, about five percent 

of the total NACA manpower,or about 350 persons, were classified as 

computers, including those engineering aides engaged in computing, 

Their effort was roughly equally divided between analytical work, data 

reduction, and data handling, such as reading film, tapes, etc, and 



plotting, The Langley Laboratory with 66 computers engaged in analytical 

work had '76 different problems either in  progress or to be done within the 

near future, Of these problems, 18 percent (or 14) were obviously suitable 

for a large-capacity high-speed computing machine and were scheduled for 

the Bel% Computer. Another 29 percent ( or 22) were conditionally suitable 

in the sense that if  solutions were desired for a sufficient number of cases, 

the use of a large-capacity high-speed machine would be warranted. The 

remaining 53 percent (or 40) of the problems were not suitable for a large- 

capacity high-speed machine because the problems were simple or non- 

repetitive in character, Only a few problems handled by the data reduction 

group were Pound suitable for a high-speed machine, I believe that this is 

a situation peculiar to a research operation; a laboratory engaged in a 

standardized testing of development models would probably find more use 

for high-speed computing in its data reduction. 

An analysis was also made of the type of equations involved. Of 

the 36 problems considered suitable or  conditionally suitable for high- 

speed machine computation, 7 involved first and second order differential 

equations, mostly linear; 3, third order linear and non-linear differential 

equations; 1, multiple integrals; 4, ordinary integrals; 8, ten or  more 

simultaneous equations or determinants of higher than the ninth order; 

1, a smaller number of simultaneous equations; 2, equations of more than 

the 3rd degree; 1, transcendental equations; 9, general algebraic equations. 
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Five to seven signrficant figures were used to obtain the desired three or 

four significant figures in the final results. 

The prospective user will wish to know which machine is "best" 

for his  particular problem, and in particular, whether a digital computer, 

o r  analogue computer is "best", Much more experience will be required 

to give answers to such questions. We have found in the single field of 

aeronautical research useful applications of all, types, and there remain 

some computing tasks where manual computation is most appropriate, 

The advantages to be realized by the utilization of high-speed auto- 

matic computing equipment have been frequently mentioned, They are the 

same in aeronautical research as elsewhere: Speed, economy, more com- 

plete survey possible, and reliability, especially if checking devices are 

built-in. I do not think any type of computing machine can substitute for 

experimental equipment suck as wind tunnels, experimental airplanes and 

missiles, or altitude test tanks, but there a r e  some areas in which the re- 

liability of a theoretical computation is greater than that realizable in ac- 

tual experiment, for example, the computation of the  velocity distribution 

within a laminar boundary layer a% supersonic speed, 

Outlook for the Future 

During the past three or four years  a few papers (references 10 - 
15) have been published in the Quarterly of Applied Mathematics and in 

the Journal of the Aeronautical Sciences dealing with the application of 

punch card machines to the  solution of the two-dimensional compressible 
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flow problem, to the torsion of structures, and to the flutter problem, and 

with the application of analogue computers to structural problems and to 

flutter as well as other aeroelastic problems, Several aircraft companies 

are known to be applying high-speed computing machines to various stabil- 

ity computations and to structural design problems, Based on NACA ex- 

perience and a general knowledge of work in progress elsewhere, the out- 

look is for- a more intensive use of high-speed automatic computing ma- 

chines, Most of the using agencies are somewhat conservative and will 

expect demonstrated reliability and accuracy in the new machines as they 

now do for example in a new instrument or  a new wind tunnel. 

The signiiicant factors in the increased demand have already been 

described, They are the increasing number of non-linear problems, the 

increasingly complex theories needed to accurately describe the inter- 

related aerodynamic and structural behavior of aircraft at high speeds, 

and the necessity for considering the eftects of aerodynamic heating in 

high-speed missiles. All  these factors are intimately related to the in- 

creasing speeds of aircraft m d  missiles associated with the develop- 

ment of jet and rocket, propulsion and advances in transonic and super- 

sonic aerodynamics, Aeronautical research scientists are eagerly 

awaiting the development of the modern fast, reliable, and flexible 

digital computes, 



- 19 - 

Acknowledgments 

My colleagues Thomas Bo AndTews, Jr, of the Langley Aesonauti- 

cal Laboratory, W, A, Mersman and Howard F, Matthews of the Ames 

Aeronautical Laboratory, and L o  Richard Turner of the Lewis Flight Pro- 

pulsion Laboratory have furnished the basic information for this  paper, 

but are not responsible for the opinions expressed, 



- 20 - 

I_c__ References - 

1. 

2" 

3, 

4, 

5, 

6.  

7, 

8, 

9. 

10 n 

11, 

Cope, W, F , ,  and Hartree, D, R, The Laminar Boundary Layer in 
Compressible Flow, Phil. Trans,  Roy. SOC, (London), sec, A , ,  
vol, 241, June 22, 1948, pp 1 - 69, 

Huckel, Vera and Durling, Barbara J ,  : Tables of Wing-Aileron Co- 
efficients of Oscillating Ai r  Forces for Two-Dimensional Super - 
sonic FIow, NACA TN 2055, 1950, 

Levy, H, and Baggotat, E, A, : Numerical Studies in Differential 
Equations. C, A, Watts and Coo ,  1934, p 104, 

Lagerstrom, P, A, : Linearized Supersonic Theory of Conical Wings. 
NACA TN 1685, 1948, 

Cohen, Doris: The Theoretical Lift of Flat Sweptback Wings at Super- 
sonic Speeds, NACA TN 1555, 1948, 

Cohen, Doris: Formulas and Charts for the Supersonic Lift and Drag 
of Flat Sweptback Wings with Interacting Leading and Trailing 
Edges, NACA TN 2093, 1950, 

Frick, C,  W. : Application of the Linearized Theory of Supersonic 
Flow to the Estimation of Control Surface Characteristics, NACA 
TN 1554, 1948, 

Proceedings of a Symposium on Large-Scale Digital Calculating Ma- 
chinery, Haruard Univ, Press, 1948, p 178-9, 

Woolston, Do So and Runyan, H, Lo : Appraisal of Method of Flutter 
Analysis Based on Chosen Modes by Comparison with Experiment 
for  Cases of Large Mass Coupling. NACA TN 1902, 1949. 

Bergman, S, : Construction of a Complete Set of Solutions of a Linear 
Partial Differential Equation in Two Variables, By U s e  of Punch 
Card Machines, Quarterly Appl. Math., vol, IV, no, 3, Octo 
1946, pp 233 - 245, 

Bergman, So Punch Card Machine Methods Applied to the Solution 
of the Torsion Problem. Quarterly Appl. Math., uol, V, no, 1, 
Apri l  1947, pp 69 - 81, 



References (Continued) 

12, Leppert, E, L, , Jr, : An Application of IBM Machines to the Solution 
of the Flutter Determinant. Jour, Aero, Sci, , vol. 14, no, 3, 
March 1947, pp 171 - 174, 

13, Dennis, Po  A, and Dill, D, G, : Application of Simultaneous Equation 
Machines to Aircraft Structure and Flutter Problems. Jour, Aero, 
Sci , ,  vol. 17, no, 2, Feb, 1950, pp 107 - 113, 127, 

14, Fossier,  M, W, Bratt, R ,  W, and Dill, D, G,: Comparison of 
Analytical and High-speed Mechanical Calculator Solutions of the 
Lateral Equations of Motion of an Airplane, Including Product of 
Inertia Terms,  Jour, Aero, Sci, YO€, 17, no, 5, May 1950, 
pp 271 - 276, 296, 

15, Winson, Jonathan: The Solution of Aeroelastic Problems by Electronic 
Analogue Computation. Jour, Aero, Sci, vol, 17, no, 7, July 
1950, pp 385 - 395, 


